This is an author produced version of a paper published in Urban greenspace has consistently been argued to be of great importance to the wellbeing, health, and daily lives of residents and users. This paper reports results from a study which combined the visualisation of public greenspace with environmental economics, and which aimed to develop a method by which realistic computer models of sites could be used within preference studies. As part of a methodology which employed contingent rating to establish the values placed on specific greenspace sites, three-dimensional computer models were used to produce visualisations of particular environmental conditions. Of particular importance to the study was the influence of variables including lighting, season, time of day and weather on the perception of respondents. This study followed previous work that established a suitable approach to the modelling and testing of entirely moveable physical variables within the built environment. As such, the study has firmly established that computer-generated visualisations are appropriate for use within environmental economic surveys, and that there is potential for a holistic range of attributes to be included in such studies.
Introduction
Urban greenspace forms a vital part of the urban fabric, yet rarely generates a direct economic benefit to the community. Furthermore, the manner in which greenspace might be valued by users, residents and interested parties will be influenced by factors, including location, environmental features, design decisions and the background and demographics of the user.
This research undertook to explore how methods and results from environmental economics could be used to assess objectively the complex relationship between user, environment and value, whilst making an innovative use of computer-generated visualisations. A contingent rating (CR) method was used to assess the utility of park attributes. The aim of the CR exercise was to assess how variations to physical and non-physical attributes affect perceptions of safety and aesthetic quality, and use of greenspace. The CR approach was chosen over choice experiments, as the study was not concerned with trade-offs between monetary values and physical improvements to greenspace. The overall research methodology centred on the incorporation of spatial and environmental attributes within 3-dimensional models, whilst ensuring that such attributes could be visualised and varied in response to changing environmental conditions including time, season and weather conditions. Approaches are required by designers and planners of greenspace in the future, to help ensure that public space will be socially sustainable and valued by the intended user groups (for example, Ironside Farrar, 2005) . In this study, contingent rating was used to structure the data collection for a survey of the public in Aberdeen. This method provided a mechanism whereby a complex set of 'attributes' could be included in a range of computer models, and each scene then 'rated' by respondents against set questions and scales. Following previously reported work , attributes and overall sites were presented using still images taken from photorealistic computer models.
Background
It has been accepted and demonstrated that there can be a clear divergence between the opinions and judgements of design professionals and lay people (Hershberger and Cass, 1988; Hubbard, 1997; Nasar and Kang, 1989; Purcell, 1986; Wilson, 1996) , which can in turn lead to a lack of user satisfaction (for example, Kang, 1989, Newman, 1973) . That same body of research has also shown that preferences can also differ among 'lay people', and that demographic, economic, cultural and social factors combine to ensure that a coherent generic group does not exist in reality. It has been argued, therefore, that professional judgements may not be relied upon to ensure environmental quality (Hanyu, 1997) , not least in the absence of adequate public participation (for example, Hudspeth, 1986; Jones, 1990; Sanoff, 2000) . Hudspeth (1986) argued that many projects which have failed or been delayed are also the ones which have excluded public participation. Furthermore, in many cases, these projects have been characterised by heated debate, political controversy and even litigation.
There are a number of general criteria suggested by the European Commission (1996) to facilitate motivation of participants including implementing 'bottom up' solutions, relating sustainability issues to aspects of local life, using terminology that the public can understand, emphasising that one person can make a difference, outlining a clear vision for sustainable development and adopting alternative strategies if one approach does not work.
For almost 40 years in the UK, legal stipulations for public involvement in planning have tended to fall short of these aspirations, and despite calls from the Skeffington report (Ministry of Housing and Local Government, 1969 ) that the public should play a full role in planning matters, this has often in practice resulted in a rather low level of involvement. The planning system has often been criticised for failing to allow the full involvement of nonexperts (e.g. Wynne, 1992) , and it could be argued gives little more than an illusion of democracy and debate. Furthermore, researchers have argued that planning should be regarded as being inextricably linked with local political discourse (for example, TewdwrJones, 1999) . The DTLR (2002) argued that even though there is a lack of data concerning community views and needs (in the UK, at least), such data is essential in developing successful greenspace strategies. They claim that user surveys can determine if, how and when people use greenspace, and their satisfaction levels with what is available, making user surveys crucial in managing and maintaining greenspace.
One approach to providing a common basis with which to assess future environments is the use of visualisation technologies. There is a long tradition of using photographs to investigate environmental perceptions, particularly landscape assessment (e.g. Kaplan et al., 1972; Zube et al., 1982; Brown and Daniel, 1986) . The validity of using photographs as surrogates for the real environment has been demonstrated by several authors (e.g. Shuttleworth, 1980; Stamps, 1990) , with the proviso that static, soundless representations are unlikely to evoke exactly the same perceptions as would be experienced in the real world. Indeed, Heft and Nasar (2000) demonstrated that the perceptions elicited from dynamic images are often significantly different (i.e. preference ratings are lower) than those elicited from static images of the same environment. Nonetheless, in a review of the relevant research, Daniel and Meitner (2001) conclude that, although caution should be exercised in using photographic representations as surrogates for the real environment, they are a valid methodological tool for much landscape assessment research (for example, Wong and Domroes 2005).
However, an obvious limitation to using photographs in landscape assessment research is that future potential environments can largely only be represented through generic examples, and generally from restricted viewpoints, and there may require to be modifications to the imagery to standardise factors such as overhead conditions. Previous studies have demonstrated that the use of static images to convey the context of landscapes in terms of buildings and layout is valid (recent examples including Ellis et al., 2006; Ryan, 2006) and that the use of computer models to 'contain' physical attributes related to landscapes is possible and valid (for example, Appleton et al., 2002) .
The use of computer modelling, however, does not restrict the researcher to using images of environments that already exist. Indeed, recent advances in computer graphics means that visualisations of new environments can now be constructed to be accurate, or at least photorealistic, with respect to complex features including lighting, shadows, texture etc.
These environments can also be viewed from a multiplicity of viewpoints, or using 360 degree panoramas (Tan et al., 2006) . Authors have reported using visualisations in Stated Preference (SP) surveys (e.g. Davies and Laing, 2002; Fukahori and Kubota, 2002) , but usually regarding only physical aspects of the environment (e.g. styles of paving, patterns of woodland). The incorporation of non-physical aspects, such as weather or seasons, has been little reported. Rohrmann and Bishop (2002) looked at the effects of lighting (day/sun, day/fog, and night), personal shadow and sound on perceived simulation quality, however to date, stated preference techniques have not been used to make these assessments.
Methodology

Study area
The CR study aimed to elicit views on the reaction of subjects towards greenspaces under different types of designs and environmental conditions, including time of day, lighting, weather conditions, and the presence of people or traffic. To this end, three case study greenspaces were selected within Aberdeen, a city of approximately 220,000 residents located in the north east of Scotland. The areas selected were as follows: i) Tillydrone (located at the edge of a large local authority owned housing estate); ii) Aberdeen Links (a linear greenspace located along Aberdeen seafront); iii) Deeside River walk (a linear greenspace in the city, next to one of the city's two rivers).
The sites were selected to enable consideration of a range of greenspace uses, geographical location, design, content and development pressure; that is, the sites allowed for the study to consider the effects of a range of variables, including enclosure, current use, design, lighting conditions and the presence of traffic and people. It should be noted that selection of the three sites followed the preparation of an inventory of greenspaces, which covered issues including site size, location, accessibility, ecology and facilities. The contents of that inventory were later incorporated within a fully realised spatial decision support system, developed from the research results, including those from the CR study (Laing et al., 2006) .
Feature selection
The CR survey used a questionnaire based on computer generated images. This first required identification of attributes that are deemed important by the relevant stakeholders, and the levels of each attribute. Focus groups were held with local residents living near to these greenspaces. The aims of the focus groups were to discuss views toward individual greenspaces, to discuss any potential changes to the site and to suggest possible choices that might be faced by the designer and user alike. In two of the study sites (Tillydrone and the Links) an option of including paths which cut through each of the sites to encourage use was discussed. For the purposes of this study, new paths have been added to the Tillydrone and Links areas, and the one located at the Deeside River walk has been upgraded. Other physical observations and suggestions arising during focus group discussions for each site included: Issues which arose across all case study sites were concerns over safety, attractiveness and accessibility. Questions were also posed in the focus groups to determine how changes to non-physical changes such as weather, seasonal attributes, affects perceptions of safety and aesthetic quality, and also if respondents would visit the greenspace shown under the conditions presented. Comments made by participants included observations that ideal (i.e. sunny, well lit, no rain) weather conditions did not truly reflect those experienced most of the time, and that the use and look of the space changed significantly after dark. Based upon the focus group discussions, a number of non-physical attributes relevant to Aberdeen's greenspaces were included in the computer visualisations which were based upon season, weather, time of day and wind.
Using the attributes outlined above, the resulting proposals were modelled in AutoCAD, and rendered in 3D Studio Max (©Autodesk). The model for each site was constructed using
Ordnance Survey boundary data from Landline (Ordnance Survey, 2005a) and elevation data (Ordnance Survey, 2005b) , with smaller structures (e.g. boat house, skateboard ramp) modelled specifically for the project. Textures for natural surfaces (e.g. grass, snow), trees, bushes and people were taken from available 'collections', in some cases purchased for specific use within the study. This stage of the visualisation required a 'visual' match between the model and the 'real' environment, and in the case of the Aberdeen models a value judgement was made that the trade-off between render time and ecological accuracy was acceptable. As can be observed to some degree from the first pair of images in figure 1 this did not affect key requirements for the visualisation of scale, massing and colour, as the tree models used were largely representative of the arrangement and massing of the 'actual' trees on site. Had the intention of the study been to explore issues of environmental micro-climates, and their effect on tree growth, then a slightly different approach might have been required. However, the time taken to 'grow' virtual versions of the plants would have restricted development of the survey, or to even deal with more than one site. Thus, the approach taken to visualisation and modelling of the site vegetation allowed the research to concentrate on the variation of environmental conditions, without compromising the overall realism of scenes.
Each model was closely controlled in terms of the attributes contained within, and a series of four 'snapshot' images was used to represent the site within experimental work. Deeside case study -the visualisation shows an image from the study with a configuration during winter. The site photograph was taken in late Spring.
Links case study -the visualisation illustrates the inclusion of both lighting and vehicular traffic in the study. The Links is a very open space, with little ambient light after dark from the nearby city outskirts.
Tillydrone case study -the visualisation illustrates the openness of the Tillydrone site. This particular greenspace is provided as general social and exercise space for the housing estate, but contains little in the way of vegetation or facilities. It can also be noted that the site is bounded on three sides by a 9-12ft high wire fence. Table 1 shows each of the attributes and levels included in the experimental design. All of these attributes were represented visually in the computer model, as described in the preceding section. Attribute levels were defined in order to represent the range of likely conditions which might be experienced in real life. For example, the four weather conditions which occur most commonly in Aberdeen include clear skies, showers, overcast skies, and local fog. These types of weather therefore make up the four 'levels' of the attribute weather. Wind was included as an attribute since it plays quite a large role in Aberdeen's weather and could have an impact on how people use greenspace. However, since this attribute is difficult to describe in any detail and difficult to represent visually, only two levels were chosen these being 'light to medium' and 'medium to strong' 2 .
Feature representation
Lights, new trees, people and traffic were included as attributes, as these may also play a role in safety perceptions. Specifically, traffic was raised as a safety concern in each of the case study focus groups and is therefore included as an attribute. Traffic is represented in two levels, 'light' and 'heavy', although it should also be noted that vehicular traffic does not actually pass through the case study areas themselves, but is instead routed along the periphery of each. Future studies may feature more interactive computer models and might attempt to better present the movement and sound intrinsic to many environmental attributes.
Combining images from the models with a contingent rating questionnaire
The attributes were combined according to an experimental design that meets the requirements to estimate the utility function of interest. A total of 96 design alternatives were generated by the contingent rating experimental design 3 and it was decided that each respondent would be asked to evaluate six alternatives each (i.e. two design alternatives from each case study site, totalling six scenarios). This meant that each respondent would have a reasonable cognitive burden, and that 16 surveys in total were required 4 to produce an acceptable replicate sample for each 'variation'. Once all 96 models displaying the alternatives had been constructed within 3D Studio Max, four snapshots (or views) from each model were taken for use in the survey, and these presented within each survey to assist with better informed decisions and to facilitate a postal questionnaire. Respondents were then asked to evaluate the profiles on two rating scales. The specific questions asked for each model were "how safe do you think this greenspace looks under the conditions shown?" and "how attractive do you think this greenspace looks under the conditions shown?". For each question, participants were asked to indicate their response on a five-point scale (very safe, safe, neither safe or unsafe, unsafe, very unsafe), and also asked if they would visit the greenspace under the conditions shown (yes/no), presuming access was not an issue. 
Pilot study and sample
The sample of respondents consisted of all addresses within the city as listed in the Postcode Address File (PAF), from which every hundredth address was drawn for use, with the survey delivered by post. Respondents were requested to send back the completed questionnaire in a reply paid envelope. The survey was also conducted over the internet and hosted on PCs at public events with Aberdeen. A database was linked to the survey to collect the responses and information downloaded straight into the table, no manual data entry was required.
The CR study was piloted during Aberdeen's annual 'Techfest'. The purpose of the CR pilot was to test the questionnaire layout, image quality, length, difficulty, confusion, and background information. Over the course of the event, 54 individuals participated in the pilot study. Respondents were given verbal instructions on the procedure to follow after finishing the introductory pages, and then left alone to complete the study at their own pace, with the researcher available to provide assistance if necessary.
Little assistance was required to aid understanding of the questionnaire, with positive feedback from participants. However, a re-occurring comment made about the questionnaire was in relation to the amount of text provided, with a prevailing view that the introductory pages were too long and should be reduced. Additionally, a number of participants commented that some of the text relating to the attributes and levels represented in the images did not add anything extra to the questionnaire. They thought that most of this information was obvious from the images themselves, especially regarding seasonal changes, day/night scenes and weather conditions.
The time taken to complete the entire questionnaire was approximately 10 minutes. The majority of respondents (73%) said that the questionnaire was either 'very easy' or 'easy' to understand. Just 5% said it was difficult. In terms of the quality of the images, almost 90% thought they looked 'very realistic' or 'realistic'. It was felt that the electronic pilot study had been very useful in terms of confirming the appropriateness of the survey questions, and that the study would be likely to generate meaningful data. However, it was felt also that there remained a need to control the quality and size of images, and to remove issues of download speed and variable computer qualities.
Therefore, the final and main study used only postal surveys, and were to distributed to 3000
Aberdeen households, with a response rate of 20%. Respondent characteristics are displayed in Table 2 . The respondents appear to be quite representative of Scotland except in the age, education, and occupation categories. In the CR study a higher concentration of respondents are aged 35 and 59, are educated to degree level or higher, and work in a professional occupation. These characteristics may be more representative of the population in Aberdeen rather than in Scotland given the nature of the local economy, however statistical information at this level is not easily obtained and therefore is not verified. 
Results
Findings in relation to visual images
Several open-and closed-ended questions were included in addition to the contingent rating questions, to give respondents the opportunity to make comments regarding the study, and to provide feedback. The mechanism by which respondents could provide data was important to the validity of the study results, and the survey sought to identify any issues which might have hindered or assisted with clarity of understanding, or influenced responses in some manner. Table 3 it can be observed that the majority of respondents felt that the images were either 'realistic' or 'very realistic'. Interesting non-site specific comments concerned lighting, where the majority of respondents who mentioned this attribute felt that lighting makes places feel safer. Only one respondent commented that lighting could have a negative effect on animals in greenspaces.
Findings in relation to safety, attractiveness and visits to greenspaces
The CR study provides an econometric framework for analysing how physical and nonphysical factors influence people's perceptions of greenspace. The results for attractiveness and safety are analysed using an ordered logit model since the survey questions asked respondents to evaluate greenspace on likert-type ratings scales. The binomial logit model is used to analyse the visit results as a binomial scale was used. All of the variables in the CR study are qualitative, so they were all effects coded prior to analysis. Limdep 7.0 was used to perform the analysis for the three case study areas and for all sites combined.
Goodness of fit for an ordered logit model can be measured from McFadden's pseudo R 2 (or 2 ) value. As this was not produced by Limdep, it was calculated from Greene's (2003) formula:
Where: (Greene, 2003) . In this study, they can be used as a guide to determine which models perform better at fitting the data. In each table, The ordered logit procedure is appropriate to use when the parameters ascend in value and are significantly different in value from one another (Austen 1997) . This means the following relationship must hold:
The results in Tables 3 to 6 show that the threshold parameters μ 1 , μ 2 , and μ 3 are highly significant and positive, indicating that the five categories in each of the ordered logit models are in fact ordered, and the correct models for analyses were chosen. Table 3 shows that nearly all attributes included in the experimental design have a significant 5 influence on attractiveness, safety, and visits, and most signs are as expected. In addition to the combined sites model, site specific models were also produced to see if the effects of the attributes changed depending on the site. This was particularly relevant for the Deeside River walk, as it had the largest effect of all attributes on 'attractiveness', and large effects on 'safety' and 'visits' in the combined sites model. However, major differences in the results
were not found between the single and combined sites (see Tables 4 to 7 ).
Note that in the attractiveness and safety models, a negative coefficient sign increases the probability of a greenspace being rated as attractive or safe, while a positive coefficient sign increases probability of it being rated as unattractive or unsafe. For the visit models, a positive coefficient sign means respondents are more likely to visit when that attribute level is present while a negative sign means the opposite. 0.14 0.14 0.22 * significant 1% **significant 5% *** significant 10% Looking at the individual sites in Tables 5 to 7 , night has the biggest influence on attractiveness, safety and visits. The coefficient sign is positive in the safety and attractiveness models, meaning that alternatives that include this attribute are more likely to be rated unsafe and unattractive. Respondents are also less likely to visit during this time.
Morning and daytime increase the probability of all three single sites and the combined sites being rated as attractive and safe, and have positive effects on visits. Evening is only significant in the safety model for the Deeside River walk. The negative coefficient sign suggests this attribute level increases the probability of it being rated safe.
In terms of season, summer and winter have the largest effects on each of the combined sites models and the single site models. Summer is negatively signed in each case, meaning that alternatives with this attribute are more likely to be rated as attractive and safe. Respondents are also more likely to visit during this time. As expected, winter has the opposite effect to summer. Autumn is only significant in the Deeside model and increases the probability of this site being rated as attractive. Spring increases the probability of the combined sites and Tillydrone and being rated unattractive.
Looking at weather, fog has a large effect on attractiveness, safety and visits to each single site as well as to the combined sites. Alternatives displaying this attribute are more likely to be rated unattractive and unsafe. It has a negative effect on visits. Overcast is found to increase the probability of the combined sites and Tillydrone alternatives being rated as attractive and safe, and has a positive effect on visits. It increases the probability of the Deeside River walk being rated attractive and has a positive effect on visits, and it increases the probability of the Links being rated as safe.
A priori expectations for showers were that it would reduce the probability of greenspace being rated as attractive, safe and would have a negative impact on visits. However, showers increase the probability of the combined sites and the Deeside River walk being rated attractive and have a positive effect on visits. It also increases the probability of the combined sites, the Deeside River walk and Tillydrone being rated as safe. Clear increases the probability of the individual site and combined sites being rated attractive and safe.
However, it only has a positive effect on visits in the combined sites and Links 'visit' models.
Lights increase the probability of the combined sites and Tillydrone being rated as attractive, safe, and have a positive effect on visits. Lights are insignificant in the Deeside River walk and the Links models.
Adding trees to the combined sites, Tillydrone and the Links models increases the probability of them being rated attractive, safe and has a positive effect on visits. A priori expectations however, suggest that trees are likely to make greenspace feel less safe as they can restrict visibility. This only occurred at the Deeside River walk, where trees increase the probability of it being rated unsafe, as well as unattractive. A possible explanation for this result is that few trees exist at the Links and Tillydrone already, so adding trees to these areas is seen as a positive change. On the other hand, there are existing trees along the Deeside River walk.
Therefore, adding more trees will reduce visibility in the area, thereby making it appear less safe and possibly less attractive as the views will be restricted. A path was included in the experimental design based on the findings of the focus groups held with local residents. A priori expectations were that a sealed path would be preferred to an unsealed path in each of the sites for both aesthetic and safety reasons. A sealed path does increase the probability of the combined sites being rated safe, but is not significant in any other model.
Traffic and people were included in the experimental design mainly to test their effects on safety in and around greenspace. Heavy traffic increases the probability of the combined sites, the Deeside River walk and Tillydrone being rated as attractive, safe, and has a positive effect on visits. Having some people visible increases the probability of each single site and the combined sites being rated safe, and the combined sites and the Links being rated attractive. It has a positive effect on visits to the combined sites, the Links and Tillydrone.
Wind was included in the experimental design as it is a prominent feature of Aberdeen's weather and could affect how people use greenspace. However, this attribute appears is only significant in the combined sites and Deeside River walk safety models, where it increases the probability of them being rated safe. In terms of additional attributes affecting responses, being employed or retired increases the probability of Deeside being rated unattractive, and retired increases the probability of Tillydrone rated unsafe and reduces visits to this site.
Marginal effects
According to Austen (1997) and Huang et al. (2000) the estimated coefficients in ordered logit models should be interpreted in terms of the probability of a certain category being selected. This interpretation can be obtained by calculating the marginal effects, which is done via differentiation. Note, the sum of the marginal probability of selecting any of the five categories of attractiveness or safety from Tables 8 and 9 equals zero as increasing the probability of one category is offset by decreases in other category(s) (Huang et al., 2000) . Given the similarities in both the attractiveness and safety models in particular, a correlation test was performed on the three dependent variables. The test reveals significant correlation between each pair of variables. This suggests, for example, that respondents who rate an alternative as safe, also rate it as attractive and would visit under those conditions. Jorgensen et al. (2002) had similar findings. Respondents from their urban forestry study gave images similar ratings in terms of safety and preference. They suggest the finding could be due to the relationship between concepts of safety and preference, and that some respondents find it difficult to distinguish between the two.
In the CR study, it may be possible to test whether the correlation is reflective of asking three questions per alternative, or whether the attributes do in fact cause similar responses, regardless of which question is asked. The study could be conducted again, asking each respondent one of the CR questions instead of all three. The correlation test could be reapplied. If it no longer exists, the correlation may be the result of the types of questions rather than difficulties in distinguishing between the different concepts as suggested by Jorgensen et al. (2002) . However, an even larger sample size would be required to carry out the test making it unfeasible for the purposes of this research.
The largest increases in marginal probabilities in both the attractiveness and safety models occur mainly in the y=1 and y=3 columns. This reflects the likelihood that people tend to ignore the extreme categories in rating type exercises.
The remaining columns y=2 (neither attractive nor unattractive), y=3 (unattractive) and y=4
(very unattractive) can be interpreted as follows. In table 8, night produces the largest marginal effects. This means that night increases the probability that respondents will rate an alternative as 'unattractive' by 0.153 for the combined sites. Fog decreases the probability of respondents rating an alternative as attractive to very attractive by 0.171 while increasing the probability of it being rated unattractive to very unattractive by 0.104.
Looking at safety in table 9, morning has the largest marginal effect on y=0 (very safe) and y=1 (safe). Morning increases the probability an alternative will be rated 'very safe' and 'safe' by 0.044 and 0.210 respectively for the combined sites. Night has the largest marginal effect on y=2 (neither safe nor unsafe), y=3 (unsafe), and y=4 (very unsafe) with values of 0.102, 0.266 and 0.062 respectively for the combined sites, and daytime increases the probability of an alternative being rated safe or very safe by 0.157. Fog increases the probability an alternative will be rated unsafe to very unsafe by 0.142 for the combined sites, and winter increases the probability of respondents rating an alternative as unsafe to very unsafe by and 0.104 for the combined sites.
Discussion
The research reported in this paper seeks to assess how variations to physical and nonphysical attributes affect perceptions of safety and aesthetic quality, and use of greenspace.
The visualisation materials used in the survey aimed to provide an understanding of how a holistic presentation of the environment could be modelled. Key questions facing designers and planners will often be more than physical change, towards a requirement to understand how space might be used, perceived and regarded throughout the year (Ironside Farrar 2005) .
The main findings of the visualisation study focus on feedback to those visualisations, and the extent to which they were accepted by respondents as a valid foundation for stated decisions and choices. Responses to the closed questions in the survey were also offered concerning the realism of the images, and in addition to those responses in Table 3 , some commented that the images made the sites appear far better or 'cleaner' than they are in reality, with no litter apparent from the survey forms. Comments were also made concerning the images of people and the consistency of the imagery with respect to the environmental conditions being represented (particularly when snow was being presented). As the imagery of the people was kept constant throughout the questionnaire, those portrayed in the snow scenes were wearing inappropriate clothing for the conditions and time of year. There is no quantifiable effect of such inconsistencies on the results of the surveys, however it is recognised as a potential difficulty faced by the methodology, and merits further research.
The research also raised other issues which merit further investigation. Whilst the results confirm that the use of 'virtual' environments holds potential for greater application within environmental economics, it is also probable that work using more immersive or interactive technologies for the delivery of data to respondents could offer a tool to identify more objectively key aspects of an environment. Such environments have been tested in previous studies (for example, de Kort et al., 2003) the results of which suggest a capability for conveying an enhanced sense of landscape experience compared with those of static images and photographs and thus a role to play in research and information exchange with respect to changes in green and open spaces. It is likely that the experience of movement through an environment, and the movement of objects within that environment, may play an important part in perception and the formulation of choices (Bishop et al., 2001 , Willis et al., 2004 . Therefore, future research could consider the extent to which landscape valuation studies, including choice experiments and contingent rating studies (e.g. developing on the work of Dijkstra et al., 2003) , can utilise such technology, retaining necessary controls over experimental rigour but properly exploring the relationships between those attribute sets programmed within a virtual model and the manner in which landscapes are perceived and understood by subjects.
Technical developments in recent years have also seen the visualisation capabilities of widely available desktop software increase in realism, usability and speed. This has happened coincidentally with considerable improvements in the availability and speed of internet provision, and the use of web-based services to support applications including gaming and streaming media. Studies such as that reported in this paper could benefit from delivery through the internet, although a potential widening of the respondent base would require careful balancing against needs for adequate demographic controls, and a need to ensure the quality of materials as they are actually viewed at remote sites on equipment which could not be easily calibrated or approved by the research team. Recent work by the research team (Laing et al., 2007) , for example, tested the extent to which desktop based visual presentations of historic public spaces could act as a surrogate for research purposes, and found the results to be encouraging in terms of respondent feelings of immersion. That study also found that allowing respondents the ability to actively 'move' within a virtual space provided deeper feeling of having visited a place than where they were asked to participate as non-involved spectators. Through the use of such technology, or indeed the use of larger scale and semiportable VR presentation installations, it should be possible to explore such technical avenues for research in the future.
The issue of landscape design and a perception of lack of safety, is a vital area for further research. Indeed, recent studies have continued to show that there is a need to recognise the balance between the facility afforded by certain types of landscape, fear of assault (for example, Jorgenson et al., 2006) , and the potential for such landscapes contributing to increased social cohesion (Greenspace Scotland 2004 Lo et al., 2003) . This research has shown that a suitable balance between physical and environmental features will vary between sites, but that the likely levels of perceived attractiveness, safety and desire to visit can be related to site attributes. The methodology presented in this paper provides a potentially valuable tool for the designer and planner. This is particularly true given the capabilities of the system, with its associated stages of public participation, to capture and then test reaction to designed scenarios. Although certain variables (e.g. weather, season) are outwith the control of a designer, such environmental constraints will greatly influence the perceived safety, attractiveness and affordances provided to a user by an area of green or other public space. By testing the likely perception of greenspace areas under such variable conditions, it may be possible to produce a richer and more appropriate form of designed environment, where users are properly involved as participants in the design process.
Conclusions
This research has demonstrated how advances in visualisation techniques and desktop capabilities have facilitated step changes in what is possible with regard to methods open to the researcher in environmental economics. It embraced a need to collect, analyse and understand complex data in a manner and form which could then be utilised to determine future policy and guide greenspace planning. The approaches described in this paper collectively provide a methodology through which the attitudes, opinions and values of end users can be understood and integrated within strategies and local plans.
In the contingent rating study, additional trees positively affected perceptions of safety and attractiveness in most cases, with the exception of along the Deeside River walk. This research suggests that while adding trees to urban space is generally considered positive, care
has to be taken so that visibility is not compromised (this is consistent with Ulrich 1986).
While many built environment preference studies exist, few have used stated preference techniques such as those described in this paper. In many cases, preference studies are undertaken but the techniques used tend to look at an environment as a whole, rather than determine the trade-offs between individual attributes. The benefit of using stated preference techniques such as contingent rating is that the relative importance of individual attribute levels on the resource being evaluated can be derived. The studies which do frequently employ stated preference techniques are usually carried out in the natural environment by environmental economists. Therefore, this research attempted to address a need to test the applicability of stated preference techniques in the built environment, and the positive results suggest that further applications would be appropriate.
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